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vii. The Combined Action of Disinfectants and Heat upon Soils.

In previous researches, I have shown that the action of a moder-

ate heat upon soil, differs from that of the volatile disinfectants, so

far as the subsequent growth of bacteria is concerned. According

to certain authors, the results should be similar, because both bring

about the same result, namely, the destruction of the phagocytic

protozoa. If the result is the same, it should be immaterial, in

cases where the soil has been treated both with disinfectant and

heat, whether the one is applied before the other or vice-versa. A
preliminary test, with a garden-soil, showed a considerable differ-

ence in this respect, and led to further work upon the matter.

At first, an alluvial soil was used. The heating consisted of

exposing it to 60°-65° for 30 minutes, and, where necessary, it was

treated with 5%chloroform overnight. The tests were moistened

with sterile water to bring the moisture to 16% and the tem-

perature of incubation was that of the room, viz., 15°, which

gradually rose to 20° as the season advanced.

Experiment i.

Alluvial soil.
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As the differences were less than had been expected, a second

experiment was made, in which the moisture was brought to 19%
with sterile water. This was equivalent to half -saturation.

Experiment ii.

Alluvial soil.
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Experiment iv.
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ments upon the comparative rate of evaporation of water, in soils,

bore this out. The trouble is in getting the treated soil thoroughly

moistened, for unless this is done, the evaporation, as compared

with that of an untreated soil, is slower or faster, according to

whether the soil is wetted from below or from above. A thoroughly

wetted and chloroformed soil lost slightly more during the first

three days, but afterwards kept pace with the untreated soil.

viii. The Toxins of Soils.

In former papers of this series, I have shown that there are, in

soils, substances which act as toxins towards bacteria. Their effect

is not so clearly shown in soils themselves as in extracts obtained

from them. The toxic extract, obtained by digesting soils with

water and filtering through porcelain, showed its activity by either

reducing the numbers of a sensitive bacterium, such as Bac. prodi-

giosus, or by retarding the speed of multiplication of the ordinary

soil-bacteria. The sensitive Bac. prodigiosus was used, because it

is typical of a class of soil-bacteria ; it can be readily counted when

grown upon plates, it can be evenly distributed in water, and it

grows well in fluid and solid media.

The growth of bacteria, in soil-extracts, depends upon at least

two factors, the nutriment in the extract, and the toxins. The

former acts as an accelerant, increasing the number ; while the lat-

ter behaves as a depressant, either destroying or hindering growth.

In all extracts, these two play their respective parts, so that the

final result will depend upon the relative preponderance of the

one or the other. So far as is known, the nutrients are stable, and

their effect is, therefore, constant. The toxins, on the other hand,

are unstable, and according to the temperature, decay with greater

or less rapidly. They are destroyed by heat and by sunlight.

As further information regarding the behaviour of the toxins

should be interesting, and possibly useful, it was decided to deter-

mine the effect of extracting the soil with water under varying con-

ditions; and, if possible, of devising a method for measuring the

toxicity of soils.
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The method of extracting the toxins consists in taking a quantity

of the soil, and shaking it with water, 50 times every five minutes

for an hour. With a very toxic soil, this is unnecessary, but with

soils in which the toxicity is masked by the nutrients, the full

shaking is required.

Experiment i.
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The graph of these numbers is interesting, but the water-control

showed that distilled water had a destructive action upon the added

bacteria; and as this was not desired, tap-water was subsequently

employed.

In the next experiment, the soil had been air-dried for two

days.

Experiment iii.

100 grams of dry garden-soil with tap-water.

75 c.c. ...

100 c.c. ...

150 c.c. ...

200 c.c. ...

250 c.c. ...

Water-control

1,000 bacteria became

3

115
12

12

168

1,093

It is clear that the soil is toxic in all proportions used. In No. 2,

the plates showed that the culture was impure, and this suggested

that possibly extraneous bacteria might have an accelerating influ-

ence upon Bac. prodigiosus. This was tested in the following ex-

periment, which was made nine days later, the soil having been

stored for 11 days. In the second part, a drop of the unfiltered

extract of No. 1 was added to each test.

Experiment iv.

100 grams air-dried
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Experiment v.
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100 grams air-dried

garden-soil stored 16

days, with water.
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At this time, the soil in the garden had been subjected to heavy

rains, about 4 inches having fallen in four days, and it was not

expected that it would be toxic. A trial bore this out.

Experiment vii.

Equal parts of raw soil and water.
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infectant aired off in the morning". The same soil, without treat-

ment, as well as raw soil taken upon the following morning, were

also tested.

Experiment ix.
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In this and the preceding experiment, the bracketed numbers

are probably excessive. It is frequently found, in a series of tests,

that one is out of what appears to be the normal sequence. For

this reason, the last experiment was made in duplicate, so that a

discrepancy might be allowed for.

It is seen that the toxicity of the soil, manifest in Experiments

ix., and x., has disappeared by the twelfth day of storage, but

although now nutritive, there is some confirmation of the toxicity

being most evident when about equal parts of soil and water are

taken.

The return of the toxins to the soil, after dry weather, shows

that, though they may be disguised by the soil-nutrients, they

should be reckoned with, when considering the seasonal variation

of bacteria in soils. The seasonal variation has been noted by

many writers. Conn found that the numbers were high in Feb-

ruary, and, rising in the summer, fell again in the autumn. Hiltner

and Stormer showed that the bacteria did not tend to increase as

the temperature rose, the August counts being no higher than those

of February, and, in some cases, they were less. It is true that one

cannot trace a direct relationship between the rainfall and the

bacterial numbers of some investigations,* but the question may

have to be determined in tropical or subtropical countries, where

the rain falls during regular monthly or quarterly periods. The

removal of toxin, by drainage-waters, is another question that

deserves consideration.

From the irregularity of the results obtained by diluting the soil-

extracts, it would appear that this method offers no means of deter-

mining the toxicity of soils. As the toxins are thermolabile, the

action of heat might prove more successful; and, accordingly, ex-

periments were made in this direction. Two years previously* it

had been found that, in a certain soil-extract, 1,000 bacteria be-

came reduced to 73 ; but when the extract had been raised to boil-

* As, for example, Engberding, Centrl. Bakt. 2te., 23, 569.

t These Proceedings, 1911, 815.
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ing point, they were reduced only to 667 ; and, when boiled for an

hour, they increased to three and one-quarter millions.

Extracts of the garden-soil at various depths were made, in order

to see to what extent the toxins had been washed down by previous

rains, and instead of subjecting the extracts to 100°, the lower tem-

perature of 60° was employed. The top inch of the soil was re-

moved, and the succeeding three-inch portions were taken. The

two lower layers contained some clay, which had probably been

put there when the sandy soil had been used as a garden, about

twenty years ago.

Experiment xii.
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inch of rain, which fell upon the surface-area, measured approxi-

mately 160 c.c. Each portion, therefore, held 57, 41, and 44 c.c.

respectively, or 142 c.c. in all, so that the soil had been leached by

the 160 c.c. of rain.

The experiment was repeated in a modified form, a week later,

and during this time, no rain had fallen. A saline solution, con-

taining 0-2 %of potassium sulphate, was used in making the ex-

tracts, as the flocculation of the clay-particles, by water, retarded

the filtration of the soil-suspensions. Instead of heating the ex-

tracts at 60°, they were boiled in flasks fitted with aerial conden-

sers. In this, and the previous experiment, 400 grams of moist

soil were shaken with 400 c.c. of tap-water or saline for an hour.

Experiment xiii.
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Fifty days later, the soils were again tested. No rain had fallen

for nearly a month, and the soil was consequently very dry.

Experiment xiv.
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not rise from below. The production may take place rapidly, as a

sample taken after a rainfall of 4-75 inches, and stored in the

laboratory for three days, showed the following:

—

Experiment i.

Raw extract, unboiled .

Extract boiled £ hour .

Extract boiled one hour
Saline-control

100 bacteria at 22° became

3
1

20
228

Again, a soil was extracted at once, and after storage in a bucket,

in the laboratory, for seven days, during which, the moisture fell

from 10% to 8%.
Experiment ii.
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excepting the two-fifth. The effect of dilution is peculiar, but,

beyond recording the counts, little can be said, at present, regard-

ing the matter.

A spell of dry weather prevented the continuation of similar

tests at the time, and, therefore, a quantity of soil was put into a

Biichner porcelain-funnel, and treated, during one day, with a

quantity of distilled water, equivalent to one inch of rain. On the

following day, the drainage was filtered and tested, the soil mixed

and divided into portions, each containing 200 grams of dry soil.

These were stored in bottles at 22°, and tested from time to time.

Experiment iv.
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The experiment shows that a soil, from which the toxins had

decayed during long storage, became less nutritive or more toxic

upon being moistened. At a comparatively low temperature

(15°-20°), the change was slower to develop than at a higher

temperature (28°), but when formed, it was more persistent.

Observations made, during these investigations, show that soil

has a variable, bacteriotoxic content. Rain washes the toxin

out, and the soil becomes non-toxic. When the rain ceases,

bacteriotoxins are again formed, and persist, if the soil remains

moist. With continued dry weather, and consequent lowering

of the soil-moisture, the toxins decay. Experiments in the

laboratory confirmed these observations. A soil originally toxic,

became non-toxic when washed with water, and, upon incubation,

again became toxic. Another soil, originally nutritive, became

very much less so upon incubation.

x. The action of Chloroform upon Blood treated with Vaseline.

When a soil is treated with a volatile disinfectant, it behaves

as if more nourishment had been liberated for the growth of the

surviving bacteria. The volatile disinfectants are also fat-

solvents, and, after noting their visible action in the soil, I sug-

gested that the effect, produced by the disinfectant, was by virtue

of its removing the fat or agricere, and so facilitating the decay

of the organic matter. Certain experiments* upon the growth

of bacteria, in various layers of disinfected soil, bore out this

suggestion. In endeavouring to confirm the hypothesis, I have

made experiments with the ammoniacal fermentation of blood

saturated either with paraffin or vaseline, and treated with chlo-

roform. These, however, are rather against the hypothesis, and

are here recorded as a contribution to the subject.

Dried blood was heated for a day, at 56°, with paraffin melting

at 43°, and the excess removed. After being ground and sifted,

two gram portions were weighed out, mixed with 50 grams of

sand, and treated with chloroform. One hundred and thirty

grams of dry soil were added, and 30 c.c. of soil-infusion. The

tests were incubated at 22°, for 6 days; then water was added,

* These Proceedings, 1911, pp.696 tt seq.
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and the bottles shaken for a day, and the extract filtered off in

the morning. The filtrates were distilled with magnesia, and the

ammonia determined.
Experiment i.

Paraffined blood, untreated...

Paraffined blood, chloroformed

Milligrams of ammoniacal nitrogen.

41

43
38
—41
39
43
41

—41

EXPERIMKNTii.
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xi. The Action of Naphthalene in Soil.

The action of certain chemicals, used as fungicides, in increas-

ing the yield of crop, has been frequently noted. Of these, per-

haps, the most conspicuous example is the effect of spraying

potatoes with Bordeaux mixture. As a rule, the treatment shows

that the mixture has a decided manurial effect. We do not

know, however, whether it is the lime or the copper that pro-

duces the result, and, in a series of tests upon the growth of

bacteria in soils, that I made with copper sulphate, lime, a

mixture of these and with superphosphate, the results were

negative; that is to say, the control-test showed a greater number

of bacteria, from time to time, than any of the others.

Meanwhile, Mr. Hugh Dixson called my attention to the pro-

posed use of sulphur and naphthalene in horticultural practice.

Both are said to augment the crop in unsterilised soils, and I

decided to test them, with regard to any action they might have

upon the increase of bacteria. The sulphur was used as precipi-

tated sulphur, and the naphthalene as "vapo-naphtha," generally

used, in conjunction with lime, for destroying injurious insects.

In a previous paper, I showed that sodium thiosulphate increased

the growth of bacteria in soil-extracts, and, as the same might

occur in soils, it was used with other salts in an experiment. The

test was made upon soils contained in bottles closed with a cork

furnished with a glass tube drawn out to an open capillary point,

and were incubated at 22°.

Experiment i.
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As 0-1% is approximately equivalent to 27 cwts. per acre, the

quantities added were excessive, but they have shown that naph-

thalene and thiosulphate have a decided effect upon the numbers

of bacteria. In the case of the naphthalene, the amount used

was about eighty times that recommended, assuming that it was

thoroughly mixed with the soil. The sulphur was about ten

times that used by Boullanger in his experiments. The prevail-

ing bacterium, in the six days' naphthalene-test, was Bad.

putidum (85 millions).

A second experiment was prepared, using varying quantities

of naphthalene and thiosulphate. The soil was an alluvial, and

received raw soil-extract equivalent to 1% of soil. The bottles

were stored in the laboratory.

Experiment ii.
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a solution in olive oil being used in cases of scabies. Molten

naphthalene dissolves paraffin, grease-paint, unguentum resinse,

etc., and it acts, therefore, much as a volatile disinfectant. That

its antiseptic value is exceedingly poor, is evident from the

numbers of bacteria obtained in the experiments. This, however,

applies only to the quantities taken; a larger quantity might

show a disinfecting action. Small quantities of certain poisons,

such as ether, carbon bisulphide, potassium bichromate, copper

sulphate, etc., have a stimulating influence upon bacterial growth,

while certain others have not;* and it is possible that the naph-

thalene, in the experiment, exerted an accelerating action.

The great multiplication of Bad. putidum, in the first experi-

ment, points to the probability that naphthalene will induce an

increased ammonification. To prove this, an experiment was

made by adding two grms. of dried blood to 200 grms. of dried

garden-soil, and adding a soil-suspension, made by shaking 100

grams of raw soil with a litre of water. With this, the moisture-

content was made up to 19%. The bottles, containing the soil,

stood upon the laboratory-bench for seven days, when they

received two grms. of copper sulphate, and 500 c.c. of water.

They were shaken 50 times, at hourly intervals, for a day,

allowed to rest overnight, and the supernatant liquid filtered in

the morning. The ammonia was determined, in the usual way,

by distilling with magnesium oxide. The numbers are the average

of three, and sometimes of four tests.

Experiment iii.

Milligrams of naphthalene added
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Experiment iv.

745

Milligrams of naphthalene added
to 100 grams soil.

Ammoniacal nitrogen formed from 2 grams
of dried blood in 6 days; milligrams.

None.
1

10

50
250

60
60
58
35
23

It is clear, that when 1% of dried blood is contained in soil,

naphthalene acts as a depressant, so far as ammonification is con-

cerned. In the experiments with soil and naphthalene, the latter

showed itself to be an accelerant of bacterial growth, and, in-

ferentially, of the rapidity of decay. The sets of experiments

are, therefore, at variance. In an endeavour to find the cause of

the variance the following was obtained.

Experiment v.

Milligrams of naphtha-
lene added to 100

grams soil.

Ammoniacal nitrogen

formed from 2 grams
dried blood in 4 days

at 21°; milligrams.

Bacteria in millions per

gram of dry soil.

The result shows that, under the conditions of the experiment,

there is no difference in the bacterial counts; and that, in the

presence of dried blood, the stimulating action of naphthalene is

not evident.

As it would be interesting to know what ammonification occurs

when unmanured soil is used, a similar experiment, without the

blood, was made. This extended over 14 days, and the result

showed that no ammonia had been formed from the organic

matter of the soil; that is to say, no ammonia was detected,

upon distilling the soil-extracts with magnesium oxide. In

54
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spite of this, the bacterial counts showed a rise almost propor-

tional to the amount of naphthalene added.

Experiment vi.

Milligrams of naphtha-
lene added to 100 grams
soil.


